Corn roots or washed corn root tissue exposed to cold shock absorb 20 to 24% more "Ca2" into a nonexchangeable phase than control roots.
Corn roots respond to a variety of injuries (cutting, rubbing, cold shock, or osmotic shock) by rapid blockage of electrogenic H+ efflux pumping, with resultant decline in cell potential and (8'Rb)K' influx (3, 4, 10, 
11). With washing (or 'adaptive aging,'
Ref. 16) , there is a gradual recovery of these physiological attributes; rapid recovery is produced by fusicoccin. Injury also initiates a rapid net K+ efflux from the tissue, which after 45 to 60 min reverses to a net influx (9, 13) . Initial leakage of K+ from wounded or shocked plant tissues is a commonly observed phenomenon (15, 16) .
There are thus two initial responses to the reception and transmission of an injury signal in corn roots; an endogenous control mechanism is activated to shut down the H+-pumping ATPase, and there is an apparent increase in membrane permeability. These phenomena may be related, but there is no firm evidence on this point.
A question can be raised about the reality of the increase in membrane permeability. Under the low-salt conditions of experi- 
MATERIALS AND METHODS
Corn seedlings (Zea mays L. Crow's Hybrid No. 226; Milford, IL) were grown, and 0.5-to 2.5-cm root segments were excised as described (4). Three procedures were followed in determining 45Ca2+ influx (Table I ).
Treatment A. Segments were washed in aerated 0.1 mM KH2PO4 buffer (pH 6.3) at 30°C for 4 h, then transferred in lots of 10 to fresh buffer at 30°C or -2°C (ice temperature) for 2 min. Segments were next transferred to 50 ml of buffer plus 6 x 105 cpm 45Ca2+ (13.1 mCi/mg Ca; New England Nuclear) at 30°C for 10 min with 10 AM fusicoccin added where indicated. After rinsing, free space 45Ca2`was removed by 10 min exchange in 5 mM CaCl2 at ice temperatures.
Treatment B. Intact roots of seedlings were threaded through a plastic screen, thoroughly rinsed in warm water, and then immersed in warm (30°C) or cold (2°C) water for 2 min. The screens were transferred to beakers where the roots were placed in 200 ml of 0.1 mm KH2PO4 plus 2.4 x 106 cpm of 45Ca2+ for 10 min at 30°C. After rinsing, the free space Ca + was removed by exchange as in Treatment A above, and the standard 0.5-to 2.5-cm segments were excised for assay.
Treatment C. Segments were washed at 30°C for 3 h in 0.1 mm CaCl2 plus 0.1 mm KH2PO4 (FH 6.3) and then for 1 h in 0.1 mIM KH2PO4 (pH 6.3) plus 6 x 10 cpm 45Ca'+. After thorough rinsing in warm distilled H20, the segments were placed in warm (30°C) or cold (2°C) water ± 10 ,LM fusicoccin for 10 min. Free space 45Ca2+ was removed as in Treatment A above.
In all cases, the segments were solubilized in tissue solubilizer (Amersham), and radioactivity was determined by scintillation counting.
RESULTS
Initially, we determined permeability to Ca2+ by exposing 4 brated with 45Ca2`during the last h of washing, then rinsed thoroughly with H20. The segments were next placed in warm or cold water for 10 min, after which the freely exchangeable 'Ca2+ was removed (Table I , C). In this procedure, the 45Ca2' available for influx is that held in the apoplast against water washing.
Despite the higher background of Ca2+ obtained with preloading, the results were essentially the same-200o greater influx under ice-cold conditions. Fusicoccin largely protects the roots from the effects of a cold shock, reversing the inhibition of H+ efflux (3). We checked the action of fusicoccin under procedures A and C of Table I and found that the influx of Ca2`due to cold shock was much reduced.
CONCLUSIONS
The data show that cold shock produces a clear increase in 45Ca2+ influx from solution or apoplast to a nonexchangeable phase. Free Ca2+ concentrations in cytosol are believed to be ,UM or less (6, 7) . By the reasoning presented above, this result can be attributed to increased membrane permeability to Ca2 . In the more extensive studies that have been made with sliced storage tissue, it is evident that permeability changes occur with respect to efflux of several ions (16) , but there appears to be no previous demonstration of Ca2`influx resulting from injury. The present evidence thus supports the view that injuries increase the ion permeability of cell membranes, but the molecular mechanism for the rapid change, or how injury induces it, must await more direct experimentation with isolated membranes. (Presumably, this will eventually be possible; a major difficulty is that the act of isolating membrane vesicles must constitute an extreme injury.)
The protective action of fusicoccin is unknown. In other work, our laboratory has suggested that fusicoccin activates, a 'by-pass' around an injury-produced block in the proton channel of the H+-ATPase (3, 4) . However, the present results suggest a protective effect of fusicoccin on injury-induced permeability changes as well, which may mean that the apparent by-pass response lies with structural stabilization of the membrane. It should be noted that the influx of Ca2+ attending injury might effect significant physiological responses, including Ca2+ inhibition of the K+-stimulated plasmalemma ATPase (1), activation of calmodulin-stimulated biochemical reactions (7), and Ca-transporting ATPase (8) . However, much more research is required here; we only call attention to the possible importance of injurymediated Ca2" influx.
